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Abstract 
The identification of moisture changes in the individual construction layers of the railway substructure body is important for 
modelling the thermal regime of railway line construction. For this purpose, the model of railway line in scale 1:1 (Experimental
stand DRETM II) was built, as a part of the experimental workplace of the Department of Railway Engineering and Track 
Management. It includes 6 protective tubes for TDR probes built in the stand, used for determining the moisture values of 
construction materials. The paper is devoted to the determination of moisture changes in the individual construction parts of the
railway track model (Experimental stand DRETM II), where the measurements and monitoring of moisture changes have been 
carried out since the end of 2014. The paper also presents the results of measurements and assessment of moisture changes 
monitoring in the individual construction layers of the railway substructure body and its subgrades and the resulting determined
design moisture values of materials applied into individual structural layers. They serve for subsequent railway substructure 
dimensioning of non-traffic load (climatic factors) and assessing the suitability of new building materials design for subgrade
construction.
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1. Introduction 
The moisture content of the track substructure is not constant after its building, but it varies in the course        
of the year (depending on the amount of downfall, thermal and water regime of the body of the track substructure, and 
its shape as well). The changes are cyclical in character and collectively referred to as water regime [1]. The amount 
of water that is contained in the structural layers of the subgrade structure or earthwork and its subgrade depends 
primarily on the type of rock, its volume weight / permeability, groundwater levels, subsoil capillarity and climatic 
conditions. 
The experimental workplace of the Department of Railway Engineering and Track Management has been dealing 
with the influence of weather factors – water, frost, snow cover (non-traffic load of the railway line) on the thermal 
regime of the railway line since 2002, but the monitoring of moisture changes in the construction layers has been only 
carried out since 2014 (the construction of Experimental stand DRETM II with protective tubes built-in for moisture 
measuring – Fig. 1). The experimental stand photo is shown in the article entitled „Calibration of TDR test probes     
for measuring moisture changes in the construction layers of the railway line”, which is published in these proceedings. 
Fig. 1. Cross-section of the Experimental stand DRETM II [2]. 
The need of determination of moisture changes range (in addition to other parameters) during the year required     
1051 Libor Ižvolt et al. /  Procedia Engineering  161 ( 2016 )  1049 – 1056 
mathematical modeling of the thermal regime of construction layers of railway line (entering the relevant input 
parameters). Without these relevant input parameters, it would not be possible to finalize the relevant course          
of the thermal regime and to compare it to the real course of the thermal regime (the zero isotherm location) obtained 
on the basis of measurements at the Experimental stand DRETM II. The methodology for moisture monitoring using 
TDR (time domain reflectometry) test probes, calibration of the individual TDR test probes [2] as well as the 
objectives of experimental work are explained in more detail in the abovementioned article.   
Therefore, in the following parts of the paper the attention will be paid to the particular results of monitoring          
the course of moisture in the different structural parts of the Experimental stand DRETM II. 
2. Determination of material moisture using dielectric method 
The dielectric method was originally developed to measure time needed for penetration of electromagnetic waves   
to identify the failures of electrical conductors. However, its better application was found later realizing it is also 
suitable for determination of water content in ground soil. In general, the term dielectric method means reflectometry 
based on time domain (TDR) or frequency domain (FDR). The possibility of moisture content determination using 
dielectric method is based on the fact that the dielectric constant of water is much greater than its value for solid 
particles and air (see Tab. 1) [3]. 
Table 1. Typical values of dielectric constants [3]. 
Component Water Air Solid particles 
Dielectric constant 79-81 1 2-6 
Water in construction layers of the railway line body has a major impact not only on the deformation, but also 
thermo-technical features of inbuilt building materials. With regard to the possible establishment of failures          
in railway subgrade structure, it is also important to know what the water content in the individual structural layers    
of subgrade structure is just before the winter period (water freezing and formation of ice formations), and also          
in spring when the snow cover melts and the subgrade structure defrosts and, consequently, reduction of deformation 
resistance in the individual components of subgrade structure occurs. So far, it has not been possible to obtain the 
necessary data from the literature on the moisture content of materials built in the subgrade structure and thus there 
has not been any information about the fluctuations in the course of the year. 
As it can be seen in Fig. 1, for this purpose 5 protective tubes for TDR probes were built in the Experimental stand 
DRETM II and another probe was built in the foot of the embankment in order to identify the course of moisture         
in the embankment subgrade. The structural parts of the experimental stand consist of track ballast fr. 31.5/63 mm, 
protective layer of crushed aggregate fr. 0/31.5 mm and embankment of crushed aggregate fr. 0/63 mm.  The moisture 
of track ballast cannot be established using the TDR method due to impossibility of adequate consolidation and 
removal of air spaces, while its moisture content, with respect to the fact that it is clean, varies minimally. 
Table 2. Coefficients m0 and m1 calculated for individual TDR test probes and monitored materials. 
Material/probe number 
Crushed aggregate fr. 0/31.5 mm 
          m0                          m1
Crushed aggregate fr. 0/63 mm 
          m0                           m1
Clay blended with river gravel 
           m0                         m1
34315 -9.258 0.0344 -7.480 0.0274 -1.226 50.402 
34316 -27.577 0.0752 -37.893 0.0955 -0.166 11.153 
34317 -5.554 0.0289 -3.460 0.0201 -0.884 41.291 
34318 -25.497 0.0675 -22.587 0.0575 -0.228 12.274 
34319 -6.351 0.0281 -4.757 0.0214 -0.676 30.470 
34320 -5.998 0.0287 -3.830 0.0201 -0.377 28.256 
For experimental monitoring of the moisture of materials built in the construction layers of the Experimental stand 
DRETM II, 6 TDR test probes are available, calibrated prior to the measurement at the experimental stand.          
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The Tab. 2 shows the specified factors m0 a m1, characterizing the calibration curve for each of the monitored 
materials. The monitoring of moisture changes in the experimental stand materials can be carried out continuously, 
but due to a large number of measurement locations (about 30 TDR test probes needed) and not too extreme changes 
in moisture in a short time, the measurement is carried out at least once a week (in case of significant rainfall more 
often). The measurement is carried out using a TDR test probe no. 34315, while other TDR test probes are used as 
back-up probes in case of failure. 
2.1. Monitoring of moisture changes in the construction layers of the Experimental stand DRETM II– 1st measuring 
profile   
As it can be seen in Fig. 1, the 1st measuring profile of the experimental stand consists of crushed aggregate        
fr. 0/63 mm, embankment body (construction height of about 1 m) and aggregate fr. 31.5/63 mm ballast bed (type   of 
railway substructure no. 1). Because the moisture of the ballast bed cannot be established using the TDR method, in 
the1st measuring profile only the measurement of moisture for crushed aggregate fr. 0/63 mm was carried out, at 
various depths. The depths of the TDR probe location in the measuring profile, where the moisture is determined, 
were designed in a way that the center of the test probe was approximately in the middle of each third embankment 
body. In the measuring range no. 2, 3 and 4 (see Fig. 1), the surface of the TDR test probe is located in the depth         
of about 630 mm, about 910 mm and about 1190 mm and in measuring range no. 1 and 5 in the depth of about         
130 mm, about 410 mm and about 690 mm (without track ballast in overburden) [4]. The Fig. 2 shows the moisture 
measurement of crushed aggregate fr. 0/63 mm in the embankment body for the 1st measuring profile of the Experi-
mental stand DRETM II. 
Fig. 2. Moisture measurement of embankment body – 1st measuring profile. 
The obtained measurement results are shown by the charts (Fig. 3), demonstrating the course of moisture         
in the embankment body of the railway line model (1st measuring profile) before and during two winter periods (winter 
period 2014/2015 and winter period 2015/2016) and during the whole year 2015. The Fig. 3 shows that the 
embankment body moisture in the 1st measuring profile, consisting of crushed aggregate fr. 0/63 mm, was in the range 
of approx. 4 to 6.5 %.  
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Fig.3. Moisture course in various depths of embankment body of 1st measuring profile for various moisture ranges [5]. 
2.2. Monitoring of moisture changes in the construction layers of the Experimental stand DRETM II– 2nd measuring 
profile   
In the 2nd measuring profile of the experimental stand a part of the embankment body (of thickness approx.            
450 mm) was replaced by a protective layer consisting of crushed aggregate fr. 0 / 31.5 mm (type of railway 
substructure no. 2). In the respective measuring profile, the moisture measurement was thus carried out for the 
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embankment body and for the protective layer material, and the depths of the TDR test probes were designed in a way 
that the center of the probe was approximately in the middle of each measured construction layer. Considering          
the material of the protective layer - crushed aggregate fr. 0/31.5 mm, there was established the depth of the surface 
of the TDR probe for the measuring ranges no. 2, 3 and 4 (see Fig. 1) in the value of about 650 mm below the surface 
of the track ballast (approx. 150 mm below the surface of the protective layer) and for the measuring range no. 5          
in the value of about 225 mm (without track ballast in overburden). In the embankment, which is built   of crushed 
aggregate fr. 0/63 mm, there was determined the depth of the surface of the TDR probe from the surface of track 
ballast in the value of about 1 225 mm for measuring ranges no. 2, 3 and 4, and about 725 mm for no. 1 and 5         
(no track ballast in overburden) [4].  The Fig. 4 shows moisture measurement in the embankment body and protective 
layer for 2nd measuring profile of the Experimental stand DRETM II. 
The charts below clearly show the obtained measurement results (Fig. 5), including the course of moisture          
in the embankment body and the protective layer of the railway line model (2nd measuring profile) before and during 
two winter periods (winter period 2014/2015 and winter period 2015/2016) and during the whole year 2015.   
Fig. 4. Moisture measurement in the embankment body and protective layer – 2nd measuring profile.
   
Fig. 5 Moisture course in the embankment body - 2nd measuring profile–  on the left and moisture course in the protective layer  - 2nd measuring 
profile– on the right [5]. 
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The Fig. 5 shows that the moisture of the embankment body of the 2nd measuring profile, which consists of cru-
shed aggregate fr. 0/63 mm, was in the range about 4 to 6, 5 % and the moisture of the protective layer of the 2nd
measuring profile, which consists of crushed aggregate fr. 0/31.5 mm, was in the range about 4 to 7 %. The Fig. 5      
on the right shows considerable decrease in moisture during the summer period and increase when the winter period 
began. The moisture measurement in the protective layer material (crushed aggregate fr. 0/31.5 mm) in contrast         
to the moisture measurement in the embankment material was smooth and unproblematic. 
2.3. Monitoring of moisture changes in the subgrade of the Experimental stand DRETM II  
The subgrade of the Experimental stand DRETM II is made up of clay with river gravel. The depth of the TDR 
probe in the measuring profile, where the moisture was determined, was designed in a way that the center of the probe 
was approximately 1 000 mm below the level of the original terrain [4]. The Fig. 6 shows the measurement in the sub-
grade of the experimental stand which consists of clay blended with river gravel.
Fig. 6. Subgrade moisture measurement (clay blended with river gravel) [4].
The obtained results of measurement are shown in the chart (Fig. 7), including the course of moisture in the rail-
way line model subgrade before and during two winter periods (winter period 2014/2015 and winter period 2015/2016) 
and during the whole year 2015.  
Fig. 7. Course of moisture in the railway line model subgrade (clay blended with river gravel) [5]. 
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The Fig. 7 shows that the moisture of the experimental stand subgrade, which consists of clay blended with river 
gravel, was in the range of about 15.5 to 17.5 %, while the highest moisture values were recorded in the beginning of 
the winter period. As the moisture probes are designed specifically for fine-grained materials, the subgrade moisture 
measurement was also smooth and unproblematic. 
3. Conclusions 
Using the TDR probes, applying the method of dielectric constant measurement (which is the input parameter         
for moisture content determination), and high-quality calibration we can achieve high precision of the measured 
moisture values. This can be achieved if specific conditions are met: sufficient consolidation to avoid air gaps, non-
exceeded maximum moisture, sufficient engagement of the probe in soil. It can be concluded that this is a method that 
allows us to determine very easily, without required sampling, moisture content in any place of earthwork and its 
subgrade and to obtain relevant inputs for the subsequent modelling of the temperature regime of the subgrade 
structure. The values of measured moisture (moisture of construction layers of the railway line model) are objective 
and can be used for subsequent simulation of the thermal regime of the railway line model using the software
SoilVision and the software product SV HEAT. The designed moisture values of construction layers of the railway line 
model materials that will be used for simulation of their thermal regime are presented in Tab. 3.
Table 3. Designed moisture values of construction layer materials.
Material Crushed aggregate fr. 0/31.5 mm Crushed aggregate fr. 0/63 mm 
Clay blended with river 
gravel
Moisture wm (%) 6.5 6.0 17 
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